ABSTRACT
INTRODUCTION
At birth the secretory activity of the exocrine pancreas is low in monogastric and ruminant animals. Activity is minimal in both volume of secretion (Thivend et al., 1980) and enzymatic content of the secreted pancreatic juice (Guilloteau & Toullec, 1983; Gusakov & Kuryshka, 1985) . During the first postnatal days both volume of secretion and pancreatic weight increase Gusakov & Kuryshka, 1985) , as does the enzymatic fraction of the pancreatic juice (Gusakov & Kuryshka, 1985) . These increases suggest that this exocrine gland is immature at birth (Werlin & Grand, 1979) .
Studies of the postnatal development of the exocrine pancreas in ruminants have been done almost exclusively in two species: calves (Guilloteau & Toullec, 1983) and lambs . In these animals, the postnatal patterns of development are similar to those described in monogastric species (Corring et al., 1978) .
Few studies have investigated the mechanisms that regulate the postnatal changes in digestive physiology, particularly those induced by dietary manipulation such as prolonged lactation (Toofanian et al., 1974) . In addition, few studies have been published on the influence of diet on the postnatal development of the exocrine pancreas and if this ontogenic pattern is under the control of hormones as cortisol, gastrin or thyroid hormones (T 3 and T 4 ) as it occurs in monogastric animals and in calves. In rats, corticosteroids are considered as mediators of pancreatic amylase activity development in early weaning (Lee & Lebenthal, 1983b) and in calves the pancreatic activities might be at least partly modulated by gastrin in the first weeks of life (Le Huerou-Luron et al., 1992) . When some data are available in this field, they mostly concerned the weaning period (Lee & Lebenthal, 1983a; Henning, 1987) .
The present study was designed to investigate the evolution of the enzyme content in the exocrine pancreas of goat kids from birth until 28 days of age. In animal fed goat milk, we have studied pancreatic enzyme content and plasma concentrations of cortisol, gastrin and T 3 -T 4 in relation with the regulation of postnatal development of the gastrointestinal tract.
MATERIALS AND METHODS

Animals and diets.
A total of 25 preruminant Granadina breed goats, were used without sex or birth weight distinction. After birth, the animals were separated from the mother and housed in individual stalls located in a thermostated room, and bottle-fed ad libitum twice a day. Until the age of 3 days, kids were fed colostrum from the mother, i.e. with a diet characterized by a high protein and antibody content and by a low fat content. From postnatal day 3 they were fed goat's milk until they were aged 28 days.
Time-course of experiments. For analyses, 5 kids were slaughtered by exsanguination at 3, 7, 14, 21 and 28 days of age after 16-17 h fast. All animals were weighed immediately before slaughter.
The pancreas was removed through a medial laparotomy incision as quickly as possible, and placed on a glass plate in contact with a cold ( Ϫ20°C) alcohol bath. It was defatted, deveined and washed in 0.9 % saline. The cleaned pancreas was weighed and separated into four pieces which were frozen in liquid nitrogen until analysis.
To avoid interferences linked with stressing conditions, blood samples were obtained from the jugular vein immediately before slaughter. The blood was centrifuged to separate the serum, which was stored at Ϫ20°C until analysis.
Assays. The enzyme activity of the pancreas as well as its protein content were determined in the ground pancreatic tissue. Homogenates of 500 mg samples of pancreatic tissue were prepared for the different analyses in an omnimixer placed in chopped ice. The homogenates were diluted with 5 ml of the buffer used for each pancreatic enzyme determination, and centrifuged at 1500 g for 10 min at 4°C to obtain the supernatant used in the following determinations.
Total protein was determined with the technique of Lowry et al. (1951) , and the results were expressed as mg/g pancreas.
Chymotrypsin (EC 3.4.21.1) activity was assessed by using acetyltyrosine ethyl ester (ATEE) as substrate and estimating its hydrolysis by a constant titration at pH 7.9 with 0.1 N NaOH (Reboud et al., 1962) , being expressed in µmol of ATEE hydrolyzed per min.
Amylase activity (EC 3.2.1.1) was measured with the technique of , using soluble starch as substrate. The amount of released maltose was determined colorimetrically, and the results were expressed as units of amylase activity (U), defined as mg of maltose released after 20 min from a 10% (wt/vol) soluble starch substrate at 37°C.
Lipolytic activity (EC 3.1.1.3) was determined with the technique described by Negrel et al. (1976) , by titration at constant pH (8.5), using tributyrin as substrate. Units of lipase activity were defined as the amount of lipase able to release 1 µmol of acid/min at 27°C.
Serum cortisol concentrations were determined with a radioimmunoassay kit (IMCORT, Immunotech, France) based on the principle of competitive binding. Samples were incubated with 125 I labelled cortisol in antibody lined tubes. Following incubation, the contents were removed and the radioactivity remaining in tubes was measured with a gamma counter. The antibody showed a 10% cross-reaction with corticosterone. Hormone concentrations were expressed as ng/ml.
Gastrin concentration was measured with a commercial RIA kit (System Laboratories, California, U.S.A.). The limit of detection was 12.5 pg/ml. The antibody was highly specific with a rate of cross-reaction with cholecystokinin of less than 1%. Hormone concentrations were expressed as pg/ml.
Thyroid hormones (T 3 and T 4 ) were measured by enzymeimmunoassay (EIA) (BioMerieux SA, France).
For all pancreatic enzymes, we calculated activity (U/g pancreas), specific activity (U/mg protein) and total pancreatic activity (U/pancreas).
Analysis of data.
The results were expressed as mean Ϯ SEM. The differences within the experimental group were analysed by using oneway analysis of variance (SPSS/PC, v. 6.1, Chicago, Illinois, U.S.A.), followed by multiple comparison of the individual means, using the method of Duncan. Correlations were sought and Pearson's r coefficients calculated, with the correlation V. LOPEZ ET AL. and plot options. Differences were considered significant at P Ͻ 0.05.
RESULTS
Newborn kids fed colostrum. Values of body weight, pancreas weight, total protein concentration, enzyme activities and hormone concentrations of the animals at 3 days of age are shown in Tables 1 and 2 .
Kids fed maternal milk. As Table 1 shows, body weight increased significantly with age except between weeks 3 and 4. Pancreas weight increased significantly at 14, 21 and 28 days of age with respect to day 3, and stabilized from 2 weeks of age. Body and pancreas weight were positively correlated with age (respectively r ϭ 0.79 and r ϭ 0.72, P Ͻ 0.05, n ϭ 25).
Protein content in the pancreas (mg/g pancreas) decreased significantly between postnatal days 3, and 7, 14 and 28. On day 21 pancreatic protein had increased approaching the value recorded on day 3 of life (Table 1) .
Chymotrypsin activity increased slightly from day 3 until day 28. Significant increase was obtained for specific activity at days 14 and 28 in comparison with day 3, for total chymotrypsin activity at 14, 21 and 28 days of age.
Amylase activity did not change from day 3 to day 14, although from the first week of life it increased steadily, reaching significant higher levels on day 28. Specific amylase activity rose significantly at days 14 and 28. Total pancreatic amylase activity remained unchanged between days 3 and 7 but increased significantly afterwards (Table 1) .
Lipase activity did not change significantly between 3 and 28 days. Specific and total lipase activity in the pancreas increased significantly at 14 days and remained stable at high level until day 28.
After a transient reduction, serum cortisol began to increase on day 21, the level on day 28 being significantly higher than in the preceding weeks (Table 2) .
Maximum concentrations of gastrin were found on postnatal day 3. Afterwards, gastrin concentration decreased sharply, without significant variations from day 14 (Table 2) .
T 3 and T 4 serum levels showed no significant changes throughout the experimental period (Table 2) .
DISCUSSION
Body weight and pancreas weight behaved similarly in relation to age, as noted in other preruminants and monogastric animals (Corring et al., 1978) . For Aliev and Gagarina (1984) Pancreas Weight (g) 2.3 ± 0.3 3.5 ± 0.2 5.5 ± 0.5 3,7 4.4 ± 0.5 3 5.5 ± 0.9 3,7
Total Protein (mg/g pancreas) 1.6 ± 0.1 1.0 ± 0.05 3, 21 0.9 ± 0.06 3, 21 1.6 ± 0.1 0. however, there was no strict parallelism between gains in body and pancreas weight. Our data reveal a period of decoupling during the third week of life (pancreas to body weight ratio: 0.86 against ϭ 1.3 in other weeks). The evolution of body weight in ours kids and experimental conditions may be consider normal. Body weight stabilized between 3 and 4 week because in this last week the animals reduce slightly the amount of milk ingested probably as a consequence of the profound modifications in the digestive physiology (progressive development of the pre-stomachs, changes in the gastrointestinal motility). At this time, kids were in the preweaning period. The decrease in pancreatic protein content from birth until 14 days of age was depending on a marked increase in gland weight. In lambs, increases in pancreatic DNA and RNA have been recorded during this period, indicating a process of hyperplasia and hypertrophy which may well also occur in kids. The increase in pancreatic protein seen 3 weeks after birth probably corresponded to increased synthesis of acinar proteins, especially enzymatic proteins, without secretion of the final product in agreement with Naranjo et al. (1996) , who noted that the activity of some pancreatic enzymes and the total protein content in pancreatic juice did not increase until the fourth postnatal week in kids. This suggests that maturation of the mechanisms of pancreatic enzyme synthesis may not parallel maturation of secretory function.
The behaviour of chymotrypsin activity during this period of lactation did not differ much from that reported in lambs (Ruckebush et al., 1983) , with lower values during the first week of life and stable higher values afterwards. This fact may be related with the onset of pancreatic enzyme secretion in response to stimuli in the lumen of the proximal small intestine. Differences in postnatal levels of pancreatic proteolytic enzymes has been described with low levels in monogastric animals (Corring et al., 1978) and high levels in preruminants (Ternouth & Siddons, 1971; . No marked changes were seen during lactation. These differences may be due in part to the presence, in nonruminant, of an intracellular proteolysis process (hydrolytic enzymes in the cytosol and in the lysosomes of the enterocytes) during the first few days of life (Hahn & Koldowsky, 1966) , process which is not acquired in the newborn ruminants. The kid looks like the lamb and the calf (Ternouth & Siddons, 1971) : after the first week of life, pancreatic chymotrypsin content begins to increase, probably because of increased in situ synthesis with a stable pancreatic juice secretion (Naranjo et al., 1996) . After birth, the gastric proteolytic enzymes chymosin and pepsin show divergent behaviour in the lamb: while the former decreases with age, the latter remains unchanged (Ruckebush et al., 1983) but increases significantly at weaning (Garnot et al., 1977) . We believe that the rates of pancreatic synthesis and secretion of proteolytic enzymes, particularly chymotrypsin, are well developed at birth in the kid, and may compensate for possible deficiencies in gastric and/or intracellular proteolysis.
Total lipase activity (U/pancreas) presented an evolution similar to those of total chymotrypsin activity. It was at lower level during the first week of life, due to the onset of the secretion by the pancreas. Considerable storage of most of the pancreatic enzymes is known to take place in newborn preruminants but secretion seems to be faster than synthesis during the first week of life. The lower total lipolytic activity in the pancreas during the first week of life may be related with the important role of salivary lipase in the digestion of dietary fat (Widdowson, 1984) , although in calves this pregastric esterase decreases rapidly to minimal levels after birth (Sauvant, 1971) . The increase of total lipolytic activity from 14 days of age also agrees with the hypothesis of Gooden and Lascelles (1973) , who postulated that salivary lipase becomes gradually subsidiary of pancreatic lipase with advancing animal V. LOPEZ ET AL. development. The lack of change between weeks 2 and 4 could probably be due to the fact that lipase secretion in the pancreatic juice increased significantly during postnatal week 3 (Naranjo et al., 1996) . The changes in amylase activities with age differed from the pattern observed for the other two enzymes. Amylase activities increased gradually with age. The evolution was similar to that described in the lamb .
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In general, pancreatic amylase content was low, probably because of the lack of substrates in the diet during this period. It is likely that dietary starch induces pancreatic amylase via the known effects of absorbed glucose on insulin secretion and increased serum insulin concentrations on pancreatic amylase mRNA levels (Korc et al., 1981) . During premature weaning in rat pups, an early increase in amylase levels related with dietary carbohydrate was noted (Lee et al., 1982) . Likewise, in premature infants it was observed that the starch-enriched diet stimulated an increase in amylase levels in duodenal aspirates (Zoppi et al., 1972) . These results also agree with reports indicating greater pancreatic amylase concentrations with increased starch intake in ruminants (Janes et al., 1985) . In week four, there was a marked increase in amylase activity, change that can be attributed to the beginning of the transitional period known like weaning. An important aspect of dietary influence on pancreatic enzymes is associated with weaning. This process involves the gradual transition from a high lipid, low carbohydrate diet to a high carbohydrate, low lipid diet. In addition, the form of carbohydrate changes from lactose to sucrose and starch. As independent of food intake in our experiments, the role of cortisol must be evoked (see below and Lee & Lebenthal, 1983b) .
As T 3 -T 4 blood levels remained unchanged from d 3 to 28, their role in the evolution of postnatal development of the exocrine pancreas appeared without clear influence at this level. On the contrary the significant increase in circulating concentration of cortisol during week four suggests the involvement of corticosteroid as a mediator of pancreatic development at weaning. In fact, according to Lee and Lebenthal (1983b) , an early weaning in rats increased the pancreatic amylase activity and the serum corticosterone levels. Rats of the same age injected with hydrocortisone presented similar increases in amylase activity. Our results suggest that the significant increase of the amylase activities in the rats of 28 days of life has a close relationship with the high corticosterone levels found in these animals. Changes in blood levels of corticosteroid are believed to be important in the expression of amylase in the neonatal period.
Finally, transitory hypergastrinaemia in day 3, also described in lambs by Bell et al. (1984) , suggests that this hormone may be involved in postnatal glandular hyperplasia and hypertrophy with marked increase in gland weight and a decrease in pancreatic protein content that occur in the kids during the first week of life.
